The problem of three-dimensional mathematical modelling of the eect of air ow on an optical-mechanical unit (OMU) located in the unpressurised compartment of the aircraft, is considered. To solve this problem, a mathematical model of gas dynamics based on the solution of a complete system of Navier Stokes equations that describe the dynamics of a turbulent, spatially unsteady ow of a viscous gas is developed. The software for simulating the process of ow past a WMU model in the aircraft compartment was created. The eect of the air ow on the OMU is described by the torque acting on the OMU from the airow side. A numerical method for solving the three-dimensional gasdynamic problem is presented. The numerical method is based on the numerical high order Godunov scheme, realized on an irregular grid with arbitrary cells (tetrahedral, prismatic shape). Flows of conservative variables are calculated by solving the Riemann problem with an approximate AUSM method. The system of equations is supplemented by a two-parameter k-model of turbulence, modied for the calculation of high-speed compressible ows. To signicantly reduce the cost of computing resources, it is suggested to use stochastic models of the eect of air ow on WMU. A general simulation algorithm is described.
Introduction
For a number of tasks on tracking of space objects in optical wavelength range it is possible to use optical-mechanical unit (OMU), mounted in the aircraft's fuselage. the OMU can be placed only inside the fuselage on the special platform. The fuselage has a special window through which the OMU performs tracking of the space objects. The output window is sealed against a direct ow by the special radome. Due to the owing of the airow through the niche the OMU fairing arise turbulent ows, leading to pressure uctuations at the place of installation of OMUs. Pressure uctuations cause vibrations that may degrade the accuracy of the OMU's work. Before the eld experiments (ight testing) the only way to assess the impact of airow on the OMU is a mathematical modelling. The mathematical modelling of the airow allows to simulate changes in values of the airow major parameters in any prescribed point of the OMU. However, the numerical solution of gas dynamics equations requires enormous computational resources that makes it almost impossible to express analysis of various design and technological solutions [1] . Therefore, a gas dynamic model is appropriate to use as a stage of data preparation for the subsequent identication of the stochastic model [2] . In this article the advanced approach to the mathematical modelling of the impact of airow on the OMU is proposed.
Mathematical Gas-Dynamics Model
The appearance of unsteady ows in cavities and compartments containing discrete components in the spectrum of uctuations is associated with the development of largescale structures in the mixing layer, and the feedback from the source of vibrations and place of formation of large-scale vortices. The formation of ordered oscillations at discrete frequencies may contribute to the resulting pressure wave transmitted upstream.
Thus, the physical model of the ow should be a model of a viscous compressible gas with the formation of large-scale structures that interact with the acoustic eld and shock waves (if any), propagating against the ow of gas.
This physical model is adequately represented by the mathematical model based on the system of multi-dimensional non-stationary Navier Stokes equations for compressible gas with appropriate initial and boundary conditions and closing relations.
The complete system of Favre averaged Navier Stokes equations, describing the spatial unsteady compressible ow, viscous gas and used in mathematical modelling, refer to [1, 37] .
The geometric model of the OMU is presented in Fig. 1 . 
Numerical Method for 3D Gas Dynamics Modelling
To solve the equations the volume control method, namely quasimonotone numerical scheme, is used. This method is a modication of the circuit S.K. Godunov [810] . Volume control volume are based on application of the Gauss Ostrogradsky theorem. According to this theorem for the vector eld ⃗ Φ = ( φ 1 φ 2 φ 3 ) T and a closed volume V, wich is bounded by the outer surface S with the normal vector vecn, the equality is fullled ∫∫∫
where the divergence of the vector eld in the Cartesian coordinate system have div
. According to (1) , for the system of equations [1] and each index number corresponding to the equation system integrals over the volume of the control of non-viscous and viscous streams may be converted: ∫∫∫
where the components of the vectors of vicous ows F j , Gj, Hj, standing consistently in every j-th equation systems are joined into the vector 
of the vector of conservative variables in each cell is dened by ows across the border, and by sources / sinks in volume, which are dened by volume integrals from source component members in vector. The numerical scheme is reduced to the assumption that the distribution of variables within a cell, nding ows through the faces of the cells and the integration time.
The dierential-dierence representation of the original system equations written for the calculation of the cell is given by:
where V is cell volume,L f i is ux through the face F i , corresponding to the formula (2), M f i is ux through the face of f i , according to the formula (3), the summation carried out on all limiting the cell faces;q
is average over the entire volume of the cell value of the vector of conservative variables q at time t. The value averaged by the cell volume of source members is determined by a similar formula R (t). Fig. 2 presents the types of cells that are valid for conducting numerical experiments. Splitting the computational domain into control volumes should be carried out in such a way that adjacent cells together had only one common face. Thus, the number of adjacent cells is determined by the number of cell faces. Cells having a common face each other, are called adjacent.
Splitting the computational domain into control volumes should be carried out in such a way that adjacent cells together have only one common face. Thus, the number of adjacent cells is determined by the number of cell faces, and cells having a common face are called neighbors. Non-viscous ows on each face of the control volume (cell) corresponding to the equations of conservation of mass, momentum and energy, are calculated using the approximate solution of the Riemann problem, namely by the method AUSM-M (AUSM advection upstream splitting method [4] ). AUSM-methods for calculating viscous ows are quite economical and suitable for calculating viscous ows. At this move to a coordinate Types of acceptable computational cells (control volumes): a) the pyramid ABCDE, which lies at the base of arbitrary the quadrilateral; b) a prism ABCDFE formed as a result of pulling (parallel transport) along the triangle ABE a side edge, such as along BC; c) the tetrahedra ABC; d) ABCDEFHG hexagons which edges are arbitrary the quadrangles system is associated with the face and we consider only the part of velocity which is perpendicular to the face, sensing tangential velocity as a portable scalar. We get a vector of ow
where h = e+p ρ is gas enthalpy,ũ is the projection of velocity on the direction normal to the face (ũ = u i n i ). Values ρ, u, v, w, h are are considered as passive scalars transported by convective speedM and rely equal to the corresponding values from the "left" cell if the convective velocity on a face directed toward the "right" cell and vice versa. Valuep represents the action of the pressure.
Thus, due to the fact that convective and acoustic speeds are dierent, the ow F is the sum of two components.M is the Mach number obtained in AUSM-M method as the sum of the "convective velocity", partly coming from the "left" (M 
The splitting of the Mach number and pressure is carried out using the following:
Under the assumption of a constant distribution of the parameters within the cells method is only the rst order accuracy in space. To achieve the second order accuracy is used piecewise-linear recovery, that is, within a computational cell is assumed linear distribution of the physical parameters. In this case, vectors of variables on the left and right faces of the cell, which separates adjacent cells with numbers textit i and textit j, necessary for solve the problem of decay of a discontinuity can be dened as follows
where q is a scalar variable, ∇q -gradient and the variable ⃗ r is a vector extending from the center of the cell in the center of the face. It is well-known that the recovery of the second or higher order requires the use of limiters for suppressing articial oscillations of solutions in the elds of high gradients. We use Barth and Jespersen limiter, specially designed for unstructured meshes. The value of the limiter in each cell is selected as a minimum limiter value determined for each face which bounds the cell. The value of the limiter for the face in this embodiment is determined by the condition that the values on the face do not exceed the maximum and minimum values in the cells of the whole pattern, consisting of counterow cell and all its adjacent cells. The resulting limiter is of the form:
where function Φ (x) = min(x, 1), index f corresponds to the value on the face of the cell, P corresponds to the opposite cell, N corresponds to neighboring cells of P , ⃗ r f corresponds to the radius vector of the center faces, ⃗ r P corresponds to the radius vector of cell center P . Then, for the value of limiter for cell P we have:
After determining the value of the limiter for the cell, gradients, required for the linear recovery in the calculation of ux through the faces, are multiplying by the limiter value found for the corresponding cells.
To calculate gradients the least squares method is used. From template, which includes some current cell C and adjacent to her cell nb, is held hyperplane that restores distribution of a quantity Q within the cell with the maximum order of accuracy:  where ∆x nb = x nb − x C , ∆y nb = y nb − y C , ∆z nb = z nb − z C , ∆q nb = q nb − q C , the slope of the plane corresponds to the required values gradients within the cell (q
). The gradients of velocity and temperature, and turbulent values on the faces of the cells necessary to calculate the viscous ows may be calculated as the average of the calculated gradients of the centers of the cells:
However, it is known that such an approach can lead to a mismatch decisions on rectangular or hexagonal grids, so we use a modication of the formula [5] :
where ⃗ n is normal vector to the cell face, ⃗ s is normalized vector joining the centers of the cells, ∥⃗ r R − ⃗ r L ∥ is the distance between the centers of the cells L and R, α LR is the scalar production α LR = ⃗ s · ⃗ n, index f corresponds to the value on the cell's face.
For the time discretization we use the explicit Runge Kutta method of the secondorder accuracy:q
which ows in the cell c are the sum of the convective and diusive uxes through the faces of the cell
adjn ), while the indices of adj 1 , ... , adj n correspond to adjacent cells to the cell c (i.e., having a common face), the indexes l and m correspond to the temporary layer. The order of accuracy, as well as preservation TVD properties achieved by selecting an appropriate set coecients α 
where the second inequality is written by the mean value theorem. Then the equation has the form
where V ol is the volume of cell V C, CON V n ij is the part of the equation responsible for explicit approximation of convective members, and DIF n ij is the part of the equation responsible for the explicit approximation of the diusion members. The production of kinetic energy can be approximated explicitly P n+1 kij ≈ P n kij , since the member dissipation of kinetic energy of the turbulence presents in the form of
Thus, we have the equation for calculating kinetic energy turbulence in a new temporary layer
Similarly, the equation for dissipation is approximated as follows:
Assessment of the Airow Impact on the OMU
The impact of time-varying air pressure torque on the OMU can lead to strong vibrations and even resonance oscillations of the OMU, that is totally unacceptable. Therefore, the time pressure forces denes the dynamic loading on the the OMU. The time pressure forces are calculated relative to the unit geometric center (Fig. 1) .
Forces and torque are determined by the formulas:
where the summation is over all the wall cells, p i is the pressure in the parietal cell, ∆S i is a surface element (along the solid surface), on which the force acts,
is a unit normal vector to the surfaces. Because of the symmetry F z = 0. − → r i is the radius vector drawn from the center of the the OMU to the area middle of the unit.
). Due to the symmetry the problem remains the only component of the torque about the axis Z.
Because of the symmetry with respect to the xy plane of the coordinate system (Fig. 1 ), corresponding components of the air pressure torque are equal to 0. The change in time of Z component is shown in Fig. 3 .
The time interval corresponds to approximately 0,08 s time transients in the calculation scheme. Dynamic loading on the OMU is negligible, of the order ±60N · m. However, even such a small stress can result in signicant impacts on the unit in the event of resonance. The impact of pressure forces on the OMU should be simulated to analyze the drive dynamics on the possibility of resonance. 
Description the Simulation Algorithm
Theoretically, the proposed gas-dynamic model in the presence of the required computer capacity allows you to simulate the impact of airow on the OMU with any given accuracy. But when you run a simulation on the proposed gas dynamic model, the computation time for the simulation was about 24 h per one period of oscillation at a frequency of 50 Hz. Using time series, it was found that for the end of the transition process in at simulation requires at least 0,1 s. It is clear that to carry out the simulation of gas dynamics for a few seconds is almost impossible. It is therefore proposed to use the short time interval to simulate gas dynamics and to use its results to build stochastic processes.
The proposed algorithm simulation:
1. We form geometric model of the OMU, including a platform, a output window in the fuselage and a protective radom.
2. We simulate the airow impact on the OMU using gas dynamics for a limited time interval that is determined by the transition process and generate the output data in the form of time series of the resultant force and torque in the OMU's geometric center. The number of selected points in time series is restricted only by the required volume for storing les. Those time series are considered as some trajectories of stochastic processes. Simulation time interval is determined by the time of transients in the implementation computing circuit and computing time.
3. The obtained time series of the resultant force and torque are used to estimate spectral and correlation characteristics of stochastic processes. 4 . We develop stochastic model to simulate the airow impact on the OMU. On the basis of estimates of spectral and correlation characteristics we develop shaping lters for stochastic processes mathematical modelling.
5. We perform mathematical modelling of the airow impact on the OMU at a predetermined time interval.
It should be noted that using of the stochastic model of the airow on the OMU reduces the computation time by several orders compared to the gas dynamics.
Conclusion
This article describes an approach to 3D mathematical modelling of the airow impact on the optical-mechanical unit (OMU), mounted in the aircraft's fuselage. The mathematical gas-dynamic modelling algorithm and stochastic models are used. In the proposed approach the gas dynamic model is used to retrieve the source data for constructing a stochastic model of the airow impact on the OMU. Stochastic model is usefull for to express analysis of various design and technological solutions in the OMU's development with moderate usage of computer time. The numerical 3D gas dynamics solution is presented, airow impact assessment on the OMU is presented. Ðàññìîòðåíà çàäà÷à òðåõìåðíîãî ìàòåìàòè÷åñêîãî ìîäåëèðîâàíèÿ âîçäåéñòâèÿ âîçäóøíîãî ïîòîêà íà îïòèêî-ìåõàíè÷åñêèé óñòðîéñòâî (ÎÌÓ), ðàçìåùåííîå â íåãåð-ìåòèçèðîâàííîì îòñåêå ëåòàòåëüíîãî àïïàðàòà (ËÀ). Äëÿ ðåøåíèÿ óêàçàííîé çàäà÷è ðàçðàáîòàíà ìàòåìàòè÷åñêàÿ ìîäåëü ãàçîâîé äèíàìèêè, îñíîâàííàÿ íà ðåøåíèè ïîëíîé ñèñòåìû óðàâíåíèé Íàâüå Ñòîêñà, êîòîðàÿ îïèñûâàþò äèíàìèêó òóðáóëåíòíîãî, ïðî-ñòðàíñòâåííîãî íåñòàöèîíàðíîãî òå÷åíèÿ âÿçêîãî ãàçà. Ñîçäàíî ïðîãðàììíîå îáåñïå÷å-íèå äëÿ èìèòàöèîííîãî ìîäåëèðîâàíèÿ ïðîöåññà îáòåêàíèÿ ìîäåëè ÎÌÓ â îòñåêå ËÀ. Âîçäåéñòâèå âîçäóøíîãî ïîòîêà íà OMÓ îïèñûâàåòñÿ êðóòÿùèì ìîìåíòîì, äåéñòâó-þùèì íà OMÓ ñî ñòîðîíû âîçäóøíîãî ïîòîêà. Ïðèâåäåí ÷èñëåííûé ìåòîä ðåøåíèÿ òðåõìåðíîé ãàçîäèíàìè÷åñêîé çàäà÷è. ×èñëåííûé ìåòîä áàçèðóåòñÿ íà ÷èñëåííîé ñõå-ìå Ñ.Ê. Ãîäóíîâà ïîâûøåííîãî ïîðÿäêà òî÷íîñòè, ðåàëèçóåìîé íà íåðåãóëÿðíîé ðàñ-÷åòíîé ñåòêå ñ ïðîèçâîëüíûìè ÿ÷åéêàìè (òåòðàýäðàëüíîé, ïðèçìàòè÷åñêîé ôîðìû). Ïîòîêè êîíñåðâàòèâíûõ ïåðåìåííûõ ðàññ÷èòûâàþòñÿ ñ ïîìîùüþ ðåøåíèÿ çàäà÷è Ðè-ìàíà ïðèáëèaeåííûì AUSM ìåòîäîì. Ñèñòåìà óðàâíåíèé äîïîëíåíà äâóõïàðàìåòðè÷å-ñêîé k-ìîäåëüþ òóðáóëåíòíîñòè, ìîäèôèöèðîâàííîé äëÿ ðàñ÷åòîâ âûñîêîñêîðîñòíûõ ñaeèìàåìûõ òå÷åíèé. Äëÿ ñóùåñòâåííîãî ñîêðàùåíèÿ çàòðàò âû÷èñëèòåëüíûõ ðåñóð-ñîâ ïðåäëîaeåíî èñïîëüçîâàòü ñòîõàñòè÷åñêèå ìîäåëè âîçäåéñòâèÿ âîçäóøíîãî ïîòîêà íà ÎÌÓ. Îïèñûâàåòñÿ îáùèé àëãîðèòì ìîäåëèðîâàíèÿ.
Êëþ÷åâûå ñëîâà: îïòèêî-ìåõàíè÷åñêîå óñòðîéñòâî; ìàòåìàòè÷åñêîå ìîäåëèðî-âàíèå; âîçäåéñòâèÿ âîçäóøíîãî ïîòîêà.
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